We report calculations of B K using two flavours of dynamical clover-improved Wilson lattice fermions and look for dependence on the dynamical quark mass at fixed lattice spacing. We see some evidence for dynamical quark effects. In particular B K decreases as the sea quark masses are reduced towards the up/down quark mass. Our meson masses are quite heavy and a firm prediction of B K is a task for future simulations.
INTRODUCTION
B K determines the value of the ∆S = 2 neutral kaon mixing matrix element according to
with µ indicating the scale dependence of the operator Q ∆S =2 (µ) = sγ µ (1 − γ 5 )d sγ µ (1 − γ 5 )d. The quenched lattice value of B K has more or less settled down (see [1] for a recent review) and the 1997 staggered fermion result [2] B K (MS, 2 GeV) = 0.63(4), corresponding to a renormalisation group invariant (RGI) valueB K = 0.87 (6) , remains the benchmark. The quoted error does not include quenching effects which have been estimated to be as high as ±15% [3] and remain the primary systematic effect to be addressed. Here we report on a calculation [4] using two degenerate flavours of dynamical (cloverimproved) Wilson fermions, aiming to look for seaquark dependence in B K .
SETUP AND SIMULATION
The operator of interest in the continuum is 
The coefficients Z and ∆ i have been determined perturbatively to O(α s ) for MS-NDR in [5, 6] . The ∆S = 2 lattice operator can now be matched to the continuum one, having the same chiral properties up to O(a 0 ). There can be remnant operator mixing, beginning at O(α 2 s a 0 ), because the ∆ i coefficients are not known exactly. Even though we use an improvedclover action, the four-fermion operators are unimproved and O(a) artefacts can also be present.
By calculating matrix elements with non-zero momentum kaons we introduce another degree of freedom, allowing us partially to remove the lattice artefacts. The chiral behaviour of the matrix element can be written as [3] P 0 , p|Q 1 
The parameters γ ′ , ǫ ′ and ξ ′ are corrections to the corresponding physical contributions. In contrast, α ′ , β ′ and δ ′ are artefacts of chiral symmetry breaking, in Table 1 The configurations used [8, 9] . Lattice spacings are fixed from r 0 . m P /m V is quoted for κ sea = κ val . (4), given the errors and large masses used here. For our calculation we neglect higher order terms and use the following expression for the matrix elements:
We calculate B K using Clover-improved Wilson fermions [7] on the UKQCD set of unquenched configurations [8, 9] listed in table 1. We use three different sea quark masses in the region m P /m V ≥ 0.7 on a volume of 16 3 × 32 (m P L ≥ 7) with a nearly constant lattice spacing determined from the Sommer scale, r 0 . Propagators and correlators are calculated using the FermiQCD [10, 11] code. Five valence quark propagators at κ = 0.1356, 0.1350, 0.1345, 0.1340 and 0.1335 are generated for each sea quark. We follow the standard procedure [12] to evaluate the matrix element from 3-and 2-point correlation functions.
We use local pseudoscalar sources J i for the kaons (smearing with the method of [13] did not improve the signal significantly). In the 3-point functions, Q is at the origin and t y is fixed at 10 while t x is varied over the full temporal range. We have checked neighbouring values of t y but observe no dependence, implying that the ground state is reasonably well isolated. The momentum configurations {p x , p y } are chosen from the pairs {(0, 0, 0), (0, 0, 0)}, {(0, 0, 0), (1, 0, 0)} and {(1, 0, 0), (0, 0, 0)} where an average over equivalent configurations is implied. The matching coefficients are evaluated using the boosted coupling, g 2 0 = 6 P /β, where the average plaquette values are P ∈ {0.5336, 0.5399, 0.5424} on our ensembles.
ANALYSIS AND DISCUSSION
The matrix element is extracted using the ratios:
where Z A is the axial current renormalisation. Our Method I is to follow [14, 15] and fit the equation
to find B K from γ, neglecting γ ′ . This gives an estimate of the leading term in an expansion of B K for each set of different valence quarks with a given sea quark mass, with the kaons not necessarily being at the physical kaon mass. Using a linear fit versus the unitary pseudoscalar masses, (am P ) 2 | κ sea =κ val , to go to the up/down limit gives
corresponding to the RGI valueB K = 0.69 (18) . In this method the pseudoscalar masses are for valence quarks in the simulated region (m q ≈ 2m s ) and the B K estimate is one where the sea quarks are realistically light but the valence quarks are heavier than the physical strange quark. In Method II we follow [5, 16] and estimate B K for each (κ sea , κ val ) combination:
The resulting values are illustrated in fig. 1 . Taking the unitary points (as done in [17] ), with κ sea = κ val , and extrapolating to the physical kaon mass results in,
Here we have m P = m phys K , but the sea and valence quarks are degenerate and hence the sea content is not as light as the up/down quarks. Moreover, the kaon comprises two quarks around m s /2. Although we recognise the presence of lattice artefacts, it seems that dynamical quark effects can lower the value of B K . Taking this with the observation [18] that N f = 2 results are always below those for N f = 0, a statement also valid for subsequent works, we see that when one has two still-heavy sea quarks, B K starts to decrease but is consistent with the quenched value. When the sea quarks are taken towards the massless limit, B K becomes distinctly lower. A similar effect is seen in the domain-wall results of [17, 19] . In contrast, preliminary 2+1 flavour results with improved staggered quarks [20] show some sign of a decrease in B K with decreasing sea-quark mass, but the overall result is consistent with the quenched value. It is intriguing to note that recent Unitarity Triangle fits, which determineB K after imposing the remaining constraints, also find a value below the usual quenched lattice result (for example,B K = 0.65 (10) in [21] ). However, our primary result is a decrease in B K as the sea-quark mass decreases, rather than a firm value for use in phenomenology.
